Abstract-This paper focuses the attention on a particular complex learning resource, namely storytelling that is characterized by its capability to support high-level learning processes thanks to a remediation of languages, strategies and roles. In the traditional forms of storytelling, a story is told to learners in a predefined way (also known as plot). This approach is called plot-based. An alternative approach is known as character-based. The plot-based approach fails to model the dynamic behaviors of virtual characters. On the other hand, the character-based approach focuses on designing the specific behaviors or actions of the virtual characters. In this work a Storytelling Design Model is defined in order to provide pedagogy-based guidelines to the design of Storytelling Complex Learning Objects taking care of both the plot-based and character-based approaches.
I. INTRODUCTION
During the last decades, educational goals and learning activities changed. Students now are no longer seen as passive recipients of information but rather as active learners that should be involved in the development of their learning activities. This change was also sped because ICT became more and more important in the educational field. e-Learning methodologies also evolved and changed by accepting the idea to overcome educational models that reproduce receptive educational architectures and that are based on a static condition of roles, tasks and environments. The ALICE Project 1 focuses the attention on storytelling as an intensive resource characterized by its capability to support high-level learning processes thanks to a remediation of languages, strategies and roles. The storytelling main idea is that the learners tend to pay much more attention to what is being told when the information is included into an interesting or exciting story. As observed by Bruner [1] , the narrative in all its forms is a dialectic between expectations and events and a call for problems, not a lesson on how to solve them. The narrative is a privileged instrument for developing cognitive skills and organizing knowledge, it is a powerful cognitive tool thanks to its potential to support the learner in the process of meaning construction. Recently, 1 http://www.aliceproject.eu/ the different advantages of the use of digital storytelling in education are listed [2] . The first advantage of digital storytelling is that it can offer more variation than traditional practising methods. This gives a big advantage, because once a story-based educational content is developed it can be used continuosly by learners without becoming repetitious and boring. One of the major advantages of the use of digital storytelling is that education can become more personalised. Some systems could be developed in such a way that the level of education might be adjusted to the level the learner needs. A third advantage is that if a story is told in a good way it is compelling. Digital storytelling systems can offer several types of interactive learning and improve the involvement of students in the learning process. By taking advantage of the inherent structure of narrative, the storytelling offers significant potential for supporting guided exploratory learning and can provide engaging situations in which students are actively involved in story-centric problem-solving activities. The ALICE Project will explore the use of storytelling as a valid educational approach that introduces novel opportunities for supporting student problem solving and learning in specific contexts (e.g. civil protection training for huge risks). The digital story tales are interactive didactic elements, oriented to a studentcentered teaching approach able to involve emotionally, provide guidance and make the reflection easier. In this work a Storytelling Design Model is defined, by using the most promising results of other research activities (see section II), in order to support the design and authoring of Storytelling Complex Learning Objects. The defined model synergically applies both plot-based and character-based approaches. The Storytelling Design Model aims to fill the lacks of existing storytelling models by providing ways to:
• empower the pedagogical drivers during the storytelling definition phase in order to connect storytelling situations and events to achieve specific levels of educational objectives; • exploit branching logic in order to design microadaptivity mechanisms by using indications coming from the three different types of educational presences to define remedial paths tailored to meet the learning progress of the learner; • enhance the character-based approach by defining role playing, taking and making strategies in order to support telling, re-telling and re-living; • support the cognitive transformations by exploiting collaborative and social learning activities in order to maximize the role making strategy; • improve the learning process by exploiting emotional drivers during the storytelling design and refining it by using emotional social tagging techniques; The paper is structured as follows. Section III provides details about the defined Storytelling Design Model. In section III-F the collaborative and social learning activities improving the Storytelling Complex Learning Objects are illustrated. Section IV provides an overview of the strategy used in order to improve the learning process by exploiting emotional aspects. Moreover, a picture of how the Storytelling Design Model is integrated in the vision of IWT (Intelligent Web Teacher) is illustrated in section III-E. In the end final remarks about the implementation strategies of the Storytelling Complex Learning Objects are presented in section V.
II. RELATED WORKS
Research in Interactive Storytelling (IS) in education has increased significantly because it is a potential solution to go beyond the traditional education enabling learners to interact with the learning process, engaging them in a series of challenging dilemmas and problem-solving activities. In recent years, several paradigms have emerged in the context of IS. The diversity of approaches is not easy to capture into a simple classification, yet a small set of key problems has been identified by early IS research referring, for instance, to the duality between character-based and plot-based [3] . In traditional form of storytelling, a storyteller presents the scenario of a story to the learners in a predefined way. This approach limits the variation in character interactions and context. At the same time, the learners prefer to experience different or personalized story scenarios using interactions. These interactions might distort the education intension of the story.
The plot-based approach supports both story generation and user intervention. The story diversity can be directly derived from the representation of narrative functions [4] . The plot-based approach refers to story systems that are developed around the fundamental idea that stories have to follow a set of rules (the story structure). Several research projects are focused on the definition of tools generating story plots. For instance, the U-CREATE Project [5] provides a comprehensive authoring tool for IS and it is based on the exploitation of edutainment applications.
On the other hand, in the character-based approach, the story diversity emerges from dynamic interactions among characters. In other words, the narrative representation is based on roles rather than narrative functions [6] . The learners interact with the story and decide about the behaviour of the characters, adapting and personalizing the story plot. The character-based interactive storytelling concerns the implementation of believable behaviour, For instance, the PaSSAGE Project [7] is an IS system that uses a player modeling approach to automatically learn a preferred play style of a player, and uses this knowledge to dynamically adapt the content of an interactive story.
In order to combine the story-based approach with the character-based approach, some hybrid architectures are emerging. With the hybrid architecture, the learners are able to experience storytelling through various levels of interactions, with great degree of freedom. For instance, S-MADE [8] combines plot-based story authoring and character-based behavior modelling by using a multi-agents approach integrated with Fuzzy Logic techniques.
These researches, though significant, risk forgetting to orient the architecture towards the application contexts, creating a gap between existing solutions and educational contexts in which they must be applied. The narrative architectures should be defined on the basis of different approaches and teaching strategies to provide pedagogical value to storytelling experiences.
Other relevant results are provided by StoryTec Project [9] and LOGTELL [10] . In the StoryTec project a comprehensive authoring framework to create interactive stories and a runtime engine responsible for the story execution and control have been defined. LOGTELL is a system that uses a partial-order planning algorithm to simulate narratives in accordance with a formal model of a story. The LOGTELL approach enables the generation of different and coherent stories of a certain genre by means of multiple simulation stages, combined with user's intervention.
This work aims to overcome the shortcomings of existing researches which mainly concern the lack of a pedagogical model that ensures the achievement of learning objectives through an educational process based on the playful aspects of digital storytelling integrated with aspects such as, for instance, the social-collaborative learning.
III. THE STORYTELLING DESIGN MODEL

A. Visual Portrait of Story
The Storytelling Design Model (SDM) is based on the notion of Visual Portrait of Story (VPS) defined by [11] . VPS is an approach to flash out the story core with story details guiding the development of story-based didactic resources. The five essential phases of the VPS (also called VPS learning situations or VPS situations) are:
• Elements of a beginning (call to adventure). The story begins by moving out of the flat, ordinary events of life to new heights of experience. For instance, information that ground the listener in the ordinary life of a character or group of characters is presented. A hero or main character is called to adventure in which the ordinary routine of life is interrupted. A quest of some kind is described or begun. The listener understands that the main character, perhaps with help from others, needs to accomplish something or to go somewhere.
• Elements of a middle (conflict, consisting of problem/solution, tension/resolution). The full extent of the tension, problem or conflict is made apparent. The tension is increased through the use of situations that beg for some kind of resolution. There can be a series of such situations in which the characters, through failure, persistence and personal growth, finally achieve a goal. In the process of traversing the path from problem to solution, the character learns, grows and becomes a new person in some significant respect.
• Transformation (middle, continued). The key to transformation is that the central character (or group) cannot solve the problem of the story easily or simply; she/he needs to change in order to do it. If the central character does not undergo some sort of transformation on the way to solving the problem, then the listeners are dissatisfied, often feeling cheated by their listening experience. For instance, the main character needs to transform in order to solve the problem or achieve resolution. She/he needs to become stronger, smarter, wiser, more mature or some combination of these.
• Elements of an end (closure). Stories need to have endings that allow the listeners to feel as though their personal investment in listening has not been in vain. For instance, stories can conclude in an obvious way, such as stating what has been learned in the form of a moral or personal revelation. Or the story can move forward with some action that shows the learning has been internalized by the characters. Figure 1 illustrates the phases of the VPS correlating them to the tension degree during the story. There are two tension picks. The first one is related to the time when the problem raises. The second one is related to the moment when the Mapping among VPS situations, learning objectives and character transformations.
problem is resolved.
B. Considering the Learning Objectives into the VPS
The defined SDM exploits the concept of transformation formations, i.e. the transformation of characters [11] . The characters can undergo different kinds of transformation. The literature identifies eight level of transformations in a story map: Physical/kinesthetic, Inner Strength, Emotional, Moral, Intellectual, Psychological, Social and Spiritual. The levels are not mutually exclusive, therefore the characters often transform at more than one level at the same time. The proposed model considers the intellectual transformations as changes in terms of learning objectives. At this level of transformation, the learners (who lead the characters) are asked to use intellectual-creative abilities in order to solve a problem. In particular, the SDM proposes an extension to the association between Bloom's Taxonomy and character transformations provided by [11] in order to map each transformation with a specific phase of the VPS. Figure 2 reports a table with the mapping among VSP situations, Bloom's learning objectives and character transformations. In particular, the Blooms hierarchy of transformation, identifies a taxonomy of intellectual changes in term of six different levels of learning objectives,that are considered in increasing order of difficulty, from basic to higher levels of critical thinking skills. In the SDM, the learning situations, based on the phases of VPS (beginning, call to the adventure, problem, middle transformation, solution, closure) have been related with the aforementioned levels.
In order to ensure the achievement of the assigned learning objectives, each situation presents itself as the composition of events whose structure favors the development of the organization, selection and integration of information carried out by the learners in order to maximize the results for a specific learning objective that identifies a specific level of knowledge. The following events are repeated for each VPS situation:
• advancer event, that is designed to activate the prior knowledge of the student and ensure his initial involvement in the situation; • learning event, that supports the learner's understanding of the topic goal and is based on a guided approach; • reflection event, that is designed to help the learner reflect on the learned concepts and to allow him to consolidate the acquired knowledge.
• assessment event, that proposes to learners a test (with respect to the specific VPS situation in which the learner is involved) to assess the type of transformation that is happened.
C. Assessment and Micro-adaptivity
In SDM, the assessment points support the mechanism of branching logic in the story plot. The model allows to link the alternative routes to the level of knowledge achieved by a learner (and assessed, for instance, through e-testing) in order to route him to remedial paths, aiming at facilitating, supporting and motivating him to achive his learning objectives. In SDM, the remedial paths are defined in order to satisfy three micro-adaptivity [12] 
levels:
• Level A is activated if the learner achieves a score between 25% and 50% of the admissible maximum score. In this case the same events (in the same situation) are re-lived by the learner with different media. This level is defined according to the idea that the most effective learning occurs when the learning activities match more closely the learners' preferred style.
• in Level B is activated if the learner achieves a score between 50% and 75% of the admissible maximum score. In this case the same events (in the same situation) are re-lived by the learner in a different scenario (context). This level is defined according to the situated learning approach.
• in Level C is activated if the learner achieves a score between 0% and 25% of the admissible maximum score. In this case the same events (in the same situation) are re-lived by the learner taking a new character with a new role in the story. This level is defined according to a novel approach based on the concept of Point of View (PoV) in a story, where a given narrative situation can be represented differently depending on the perspective of a specific character (with a specific role) taking part in that action. Figure 3 shows the flow of events within each situation. The flow foresees two iterations. In the first one a role is assigned to the learner who is engaged into a sequence of four events. In the fourth event, the learner assesses his knowledge. The system adapts the situation (for the second iteration) by considering the score achieved by the learner during the assessment and by using the aforementioned rules corresponding to micro-adaptivity level A, level B or level C. In the second iteration, a further assessment is executed in an assisted way if the score of the assessement event is less than 50% of the admissible maximum score. The whole process is repeated for all the six situations of the SDM.
D. Role Management in the Storytelling Experience
The Management of Roles (role playing, role taking and role making) is fundamental for the educational aspects of the defined SDM. The characters in the story play specific roles that allow the learners to live situations and events from a specific viewpoint. Changing the role of a learner means to modify the viewpoint by which he/she interacts with the story and the didactic value of the story. The role management in SDM provides a logical articulation of the learning experience that meets the three key activities to achieve effective learning by using story-based digital content: storytelling (role playing), retelling (role taking) and reliving (role making). A learner plays a role when he/she embodies a character living a story from its specific viewpoint (role playing). A role is assigned to a learner when the story starts and he/she takes a new role according to level C micro-adaptivity (role taking). The role making refers to a collaborative problem-solving session (parallel to the storytelling) where a specific learner chooses his/her role and assigns other roles to his peers. The last aspect is treated in section III-F.
E. Impact on the Intelligent Web Teacher
The Intelligent Web Teacher (IWT) [13] is a e-learning plaftorm allowing the definition and execution of personalized e-learning experience tailored on the basis on learners' cognitive status and learning preferences. IWT is based on three main models [14] : knowledge model, learner model and didactic model. The first one is based on the definition of ontologies used to model the knowledge of the didactic domain of interest. These ontologies are used to organize the learning objects that are building blocks exploited to realize personalized e-learning experiences. The second one defines the rules by which a learner is profiled within the system. In the end, the third one defines the rules (basing on the most suitable learning strategy) by which the learning process happens and the knowledge is acquired by the learners.
The personalized e-learning experience generation process is illustrated in the Figure 4 .
In particular, the aforementioned process can be decomposed in the following steps:
• The teacher defines a learning objective or target concept (TC) by selecting a concept on the educational ontology of interest; • A learning path (LP) is automatically extracted from the ontology. The LP represents the sequence of concepts (piece of knowledge) the learners have to acquire in order to achieve the learning objective; • The LP is personalized for a learner by cutting all the concepts already known by this learner; • The learning experience or presentation (PR) is automatically constructed by binding learning objects (coming from the IWT repository) with the concepts in the LP; The learning objects are selected in order to accomplish learners' preferences and to optimize the presentation. In IWT, the learning objects are annotate with IEEE LOM 2 . This metadata allows the link between a learning object and one or more concepts of an educational ontology. A learning object is linked to a concept if it can be used by the learners in order to acquire the knowledge about the aforementioned concept.
The SDM guides the authors to define Storytelling Complex Learning Objects (SCLO) by using the IWT authoring tools opportunely enhanced (in the context of ALICE project) to support the requirements of the defined model. A 2 http://ltsc.ieee.org/wg12/files/LOM 1484 12 1 v1 Final Draft.pdf SCLO is treated in IWT in the same way as a simple learning object. By exploiting the IWT mechanism it is possible to insert a SCLO within a personalized e-learning experience in order to deal with specific concepts requiring a more sophisticated didactic method. Furthermore, IWT enables a macro-adaptation process. It consists in (automatically) supporting the generation of personalized remedial works on the basis of assessment results.
F. Role Making in Collaborative Spaces
The SCLO is executed within the IWT Classroom Environment, where a group of learners is enrolled in order to enjoy their own personalized learning object sequence. So, the learners experience the SCLO independently. The IWT Classroom Environment also provides a set of communication and collaboration tools (e.g. Discussion, Forum, Wiki, Blog, Instant Messaging, Social Network, Microblogging, etc.) that can be used concurrently with the execution of the personalized learning object sequence. This capability provides the opportunity to empower the storytelling experience with a collaborative problem-solving activity [15] . In particular, the microblogging tool is used by each learner in order to notify to classmates and tutor his/her progress with respect to the storytelling experience. The tutor, after analysing the learners' progresses by means of the microblogging tool and the learning curves provided by the IWT reporting service, can decide to activate a collaborative problemsolving activity. In this case the learners can pause the execution of the SCLO and save its state. The activity takes place by means of the Knowledge Forum tool (opportunely customized with suitable narrative scaffolds) [16] with the following modalities:
• the tutor proposes a problem (related to a specific situation within the SCLO) to be solved and explains it; • the learners analyze the problem and try to define and collectively validate (role making) the roles involved in the situation related to the problem; • each learner chooses a role (one of the roles previously defined) and starts to play it without a fixed script; • the solution of the proposed problem is collaboratively defined as the learners interpret their roles (by adding a piece of knowledge to the discussion), so the script collaboratively emerges; • the tutor can decide to stimulate the learners or to moderate some learners' posts; • the tutor decides when the final script (the solution) is defined and closes the activity; • the learners can resume their SCLO (starting from the previously stored state) and assess again their knowledge.
IV. EMOTIONAL SOCIAL TAGGING
The SCLOs, as we have already underlined in the previous sections, must be annotated with metadata in order to be exploited in the IWT personalization process. In the proposed approach the IEEE LOM scheme is extended in order to incorporate some information, called emotional metadata, about the emotions that the SCLO could arouse in the learner. The emotional metadata, defined by the authors of learning object in the annotation (metadata) phase, is used to guide the personalization process also with respect to the emotional dimension underlying the learning process. Furthermore, the proposed approach also foresees a social refinement phase of the emotional metadata by exploiting the social tagging technique [17] . In particular, a tag cloud is prepared by using emotional labels coming from the OCC Model [18] . The selected emotional labels are: hope, pride, distress, fear, satisfaction and gratification. Every time that a SCLO is tagged, a triple < SCLO, EmotionalLabel, Learner > is generated. The set of all triples can be used to build a tag cloud for each SCLO, where the size of the font of an emotional label (tag) is given by the popularity of the tag for that SCLO. The popularity of the emotional labels can be used to generate a feedback to the author of a specific SCLO when the most popular emotional labels for this SCLO do not correspond to the emotional metadata used to annotate it. This process is a bottom-up validation of the intention of the SCLO with respect to the emotions it would like to induce and increase.
V. CONCLUSION
This work provides a brief overview on the storytelling activities within the ALICE Project. In particular, the proposed SDM provides a pedagogical guide to the SCLO authors. This result represents an advancement with respect to the state of the art of storytelling design methodologies and tools that currently do not offer a clear pedagogical vision. A pedagogy-driven authoring tool for SCLOs will be designed and prototyped. Further researches will be carried out with respect to the definition of narrative scaffolds.
